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Beneficial effects of diltiazem and propranolol, alone
and in combination, in patients with stable angina

pectoris
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suMMARY The antianginal effects of diltiazem 180 mg/day and propranolol 240 mg/day, alone and in
combination, were investigated in 15 patients with effort related angina in a double blind placebo
controlled crossover trial, with each period of treatment lasting four weeks. Patients performed a

symptom limited treadmill exercise test at the end of each period of treatment. Mean (SEM) time to
onset of angina was increased from 293(32) s when receiving placebo to 347(38) s when receiving
diltiazem alone, to 350(30) s when receiving propranolol alone, and further to 421(34) s when
receiving diltiazem and propranolol combined. Similar changes occurred in the duration of exercise
testing and time to 1 mm ST segment depression. The sum of ST segment depression at peak
exercise was reduced by both diltiazem and propranolol alone compared with placebo, and combina-
tion treatment produced a further significant improvement. Rate pressure product was

significantly reduced at rest and at peak exercise after propranolol alone and combination treatment.
The study clearly showed the superior value of diltiazem and propranolol combined in effort related
angina when compared with either drug used alone.

Until the advent of calcium channel blocking agents,
beta adrenergic blocking agents in combination with
nitrates had been the standard medical regimen for
stable angina pectoris. Calcium channel blocking
agents have proved to be an important advance in the
management of ischaemic heart disease. They achieve
their effect by interfering with the transmembrane
transport of calcium ions in various tissues. ' Because
of their ability to inhibit smooth muscle contraction
they are effective in angina due to coronary artery
spasm. Used alone they are also effective in chronic
effort related angina pectoris and thus provide a use-
ful form of treatment in patients in whom the use of
beta adrenergic blockers is contraindicated.23 Several
studies have shown, however, that when a calcium
channel blocking agent is added to a beta adrenergic
blocker in the treatment of stable angina the combi-
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nation is more effective than when either drug is used
alone.4 5

Diltiazem is a calcium channel blocking agent that
has been shown to improve exercise tolerance in stable
angina pectoriS.67 Calcium channel blocking agents
are, however, a heterogeneous group of drugs differ-
ing in both molecular structure and in their phar-
macological actions.8 Diltiazem may have potential
advantages over the other presently available calcium
channel blocking agents. It can produce vasodilata-
tion without increasing heart rate, has a low incidence
of side effects, and can be given both intravenously
and by mouth. In addition, studies in dogs have
shown that it has a less negatively inotropic effect than
verapamil or nifedipine.9 Thus its effects when com-
bined with beta blockade may differ from those of
other available calcium channel blockers. We under-
took this study to evaluate the effects of diltiazem
when combined with propranolol in chronic exer-
tional angina. The effects of diltiazem 180 mg/day and
propranolol 240 mg/day, alone and in combination,
were compared with respect to symptomatic
improvement and exercise performance in 15 patients
with stable angina pectoris.
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Patients and methods

Patients with a history of stable exertional angina pec-
toris were considered for entry into the study.
Patients were included if they had chest pain associ-
ated with > 1 mm horizontal or down sloping ST seg-
ment depression at 0-08 s after the J point on treadmill
exercise testing. Those who had a history of conges-
tive cardiac failure, conduction abnormalities on the
resting electrocardiogram, unstable angina pectoris,
or myocardial infarction in the three months preced-
ing the study or in whom the withdrawal of antian-
ginal drugs was considered to be inadvisable were
excluded from the study. Patients were also excluded
if they had evidence of notable hepatic, renal,
metabolic, or pulmonary disease.
We studied 15 men (mean (range) age 57-3 (50-67)

years). Four patients had a history of transmural
myocardial infarction. Coronary arteriography was
performed in 14 patients. In reporting the coronary
arteriogram, stenoses of the luminal diameter :75%
were considered to be significant. Three patients had
stenoses in three major vessels, five had two vessel
disease, and six single vessel disease. At left ventricu-
lar angiography all patients had an ejection fraction of
>50% and a left ventricular end diastolic pressure of
<16 mm Hg.

TRIAL PROTOCOL
In this study we used a double blind placebo con-
trolled crossover trial consisting of four periods of
treatment each lasting four weeks. The four regimens
were placebo, diltiazem 60 mg three times a day, pro-
pranolol 80 mg three times a day, and diltiazem 60 mg
combined with propranolol 80 mg three times a day.
All patients received all treatments, the order of
administration being determined by a balanced latin
square. The trial was double blind, and at all times
the treatments were visually identical. Each period of
treatment was separated by one week during which all
antianginal drugs except for sublingual glyceryl trini-
trate were withdrawn. At the end of a one week run in
period, during which only sublingual glyceryl trini-
trate was given, when required, a symptom limited
treadmill exercise test was performed. Thereafter
exercise tests were performed during the final week of
each period of treatment and at the end of each week
that separated the periods of treatment. All the
treadmill exercise tests were performed according to
the Bruce protocol at the same time of day for each
patient.'0 All exercise tests were symptom limited,
the end points being severe dyspnoea, severe chest
pain, or intolerable fatigue. Heart rate, blood pres-
sure, and a modified 12 lead electrocardiogram were
recorded at rest, at the end of each stage of the Bruce
protocol, at peak exercise, and at intervals of two
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minutes during the recovery period. We were thus
able to obtain exercise duration, time to 1 mm ST
segment depression, and time to the onset of angina.
The electrocardiograms at each stage were analysed
by calculating the sum of the number of millimetres of
significant ST segment depression (>1 mm) in each
lead at each stage. Rate pressure product was calcu-
lated as the product of systolic blood pressure and
heart rate.
A subjective assessment of the efficacy of treatment

during each period was obtained by patients maintain-
ing a detailed diary of the frequency of anginal attacks
and the number of sublingual tablets of glyceryl trini-
trate consumed. Sublingual glyceryl trinitrate was not
permitted prophylactically.

STATISTICAL ANALYSIS
Statistical analysis was performed with analysis of
variance of repeated measurements."I If a significant
result was found, Student's paired t test was used for
comparison between two treatments. All values were
expressed as mean (SEM).

Results

SUBJECTIVE DATA
Although the total number of anginal episodes a week
was reduced from 7(3) during treatment with placebo
to 3(1) during treatment with diltiazem, 2(1) during
treatment with propranolol, and 1(1) during combi-
nation treatment, this reduction was not significant.
Similarly, glyceryl trinitrate consumption per week
was not significantly decreased, though it was reduced
from 6(3) during treatment with placebo to 3(1) dur-
ing treatment with diltiazem, 1(1) during treatment
with propranolol, and 1(1) during combination treat-
ment.

OBJECTIVE DATA
Combination treatment with diltiazem and pro-
pranolol produced significant increases in the dura-
tion of exercise, time to the onset of angina, and time
to 1 mm ST depression compared with placebo
(Table 1). Duration of exercise increased from
371(39) s during treatment with placebo to 437(28) s
during combination treatment (p<0.02). Duration of
exercise improved significantly compared with
placebo during propranolol treatment, but no
significant change occurred during diltiazem treat-
ment. Time until the onset of angina or until the
stopping of exercise if angina did not develop
increased from 293(32) s with placebo to 421(34) s
(p<0 001) during treatment with diltiazem and prop-
ranolol combined. A similar significant increase of the
order of 40% occurred in the duration of exercise to
the onset of 1 mm ST segment depression after com-
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Table 1 Mean (SEM) total duration of exercise, time to onset ofangina, and time to I mm ST segment depression in 15 patients
receivingfour different treatments

Placebo Diltiazem Propranolol Diltiazem and propranolol

Duration of exercise (s) 371(39) 396(32) 412(29)* 437(28)**
Time to angina (s) 293(32) 347(38)*** 350(30)*** 421(34)****
Time to 1 mm ST depression (s) 292(37) 332(37)* 387(37)*** 403(34)***

Significance of difference when compared with placebo: *p<0 05; **p<002; ***p<0.01; ****p<0-001.

Table 2 Mean (SEM) rate-pressure product at rest and peak exercise in 15 patents receiving four different treatments

Placebo Diltiasem Propranolol Diltiaem and propranolol

Rate-pressure product (mm Hg
beat/tmin X10-') at:
Rest 12.1(0.6) 10.8(0-9) 7.5(0.4)* 6.3(0.6)*
Peak exerdse 23-7(1-5) 23-0(1-1) 16.4(0.6)* 14-0(0.8)*

Significance of difference when compared with placebo: *p<0 001.

bination treatment compared with placebo.
Treatment with either diltiazem or propranolol

alone produced significant increases in time to onset
of angina and 1 mm ST depression, but these
increases were not as pronounced as those occurring
during combination treatment. Angina pectoris
occurred during the treadmill exercise test in all
patients when receiving placebo. Angina was absent
in seven patients when receiving combination treat:
ment (p<0.05 compared with placebo; McNemar's
test). Angina pectoris was absent in four patients
when receiving diltiazem and two when receiving
propranolol.

Reflecting reduced electrocardiographic evidence of
ischaemia, the sum of ST segment depression at peak
exercise decreased significantly from 6.7(0.9) mm dur-
ing placebo treatment to 3.9(0-7) mm during combi-
nation treatment (p<0.01). A significant reduction, to
5-4(0-9) mm (p<0-05), also occurred during pro-
pranolol treatment, but treatment with diltiazem pro-
duced only a non-significant reduction to 6-1(0-9)
mm. Rate pressure product fell during combination
treatment by about 50% when compared with placebo
(Table 2). Similarly, at peak exercise rate, pressure
product decreased from 23-7(1-5) mm Hg beats/min
10-3 with placebo to 14-0(0-8) mm Hg beats/min 10-3
during combination treatment (p<0-001). Pro-
pranolol alone, but not diltiazem, produced
significant reductions in rate pressure product at rest
and during exercise.

ADVERSE EFFECTS
No important adverse effects were noted in patients
taking placebo, diltiazem, or propranolol. Adverse
effects were noted in two patients who received a
combination of diltiazem and propranolol. One, who
had a previous anterior myocardial infarct and a dys-
kinetic anterolateral segment at left ventricular

angiography, developed dyspnoea after starting com-
bination treatment. This was associated with a sinus
bradycardia of 45 beats/minute and resolved on stop-
ping treatment. The second patient developed fatigue
associated with a sinus bradycardia of 36 beats/
minute. This adverse effect responded to a reduction
by one tablet in the dose of each drug: diltiazem dos-
age was reduced to 120 mg/day and propranolol to 160
mg/day.

Discussion

The beneficial effect in angina pectoris of combined
diltiazem and propranolol treatment has been shown
in this study by the objective evidence of increased
duration of exercise, increased time to the onset of
angina, and increased time to 1 mm ST segment
depression. This was coupled with reduced elec-
trocardiographic evidence of ischaemia compared
with placebo. Although there was a trend towards
subjective improvement as -evidenced by the fre-
quency of angina and the consumption of glyceryl
trinitrate, this change was not significant.
The objective evidence of improvement supports

similar studies showing that, when calcium channel
blocking agents such as nifedipine or verapamil are
combined with a beta blocker, combination treatment
is more effecive that either a calcium channel blocker
or a beta blocker used alone.4-5 Diltiazem alone has
been shown to improve exercise tolerance in angina
pectoris, and this effect appears to be more pro-
nounced with increasing dosages.6 7 12 In this study
we used diltiazem in a dose of 180 mg/day, at which
dose it did not produce a significant improvement in
duration of exercise or electrocardiographic evidence
of ischaemia. Some dose titration studies have shown
little benefit in exercise tolerance when diltiazem is
used in doses of less than 240 mg/day.613 In a recent
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study similar in design to ours diltiazem in a dose of
360 mg/day appeared to be as effective or more effec-
tive than combined diltiazem (360 mg/day) and pro-
pranolol (240 mg/day).'4 In that study, combination
treatment when compared with diltiazem alone,
although not prolonging exercise time, did reduce
electrocardiographic evidence of ischaemia. Patients
in the study on combination treatment were often
limited by fatigue. Similarly, in our study, although
time to onset of angina was increased by 40%, the
duration of exercise was increased by only 18% com-
pared with placebo as many patients, although not
experiencing angina, were limited by fatigue. This
was probably due to an appreciable reduction in peak
heart rate. In the study of Hung et al four of 12
patients receiving combination treatment experienced
side effects requiring a reduction in dosage compared
with two of 15 patients in our study.
The beneficial action of calcium channel blockers in

effort induced angina is multifactorial.' They may
increase myocardial oxygen supply by increasing
coronary blood flow. They may also reduce myocar-
dial oxygen demand by reducing afterload by decreas-
ing peripheral vascular resistance, and in some cases
reducing contractility and heart rate. Combination
treatment with diltiazem and propranolol produced
significant reductions of the order of 400/o in rate
pressure product both at rest and peak exercise. Rate
pressure product during exercise has been shown to
correlate well with myocardial oxygen consumption.'5
Thus combination treatment appears to achieve its
beneficial effect through a reduction in myocardial
oxygen demand. Propranolol alone also significantly
reduced rate pressure product both at rest and during
exercise but not to the same extent as combination
treatment. Diltiazem alone did not significantly alter
rate pressure product, and this may well account for
its failure to improve duration of exercise and reduce
electrocardiographic evidence of ischaemia. Neverthe-
less, it increased time to the onset of angina and time
to 1 mm ST depression. This beneficial effect may
have been related to increased myocardial oxygen
supply as diltiazem has been shown to increase coron-
ary sinus blood flow in man. 16

This study objectively shows the superior value of
diltiazem and propranolol combined in effort related
angina compared with either drug used alone. The
beneficial effects of combination treatment appear to
be mediated by a reduction in myocardial oxygen con-
sumption. Caution in using combined diltiazem and
propranolol treatment is, however, indicated by this
and other studies, and careful titration of diltiazem
dosage should be carried out to minimise side effects.
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